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NATIONAL ADVISORY COMMITTEE FOR AERCNAUTICS

RESEARCH MEMORANDUM

EFFECTS OF LEADING-EDGE CHORD EXTENSIONS AND AN ALL-
MOVABLE HORIZONTAL TAIL ON THE AERODYNAMTC CHARAC-
TERISTICS OF A WING-BODY COMBINATION EMPLOYING
A TRIANGULAR WING OF ASPECT RATIO 3
MOUNTED IN A HIGH POSITION AT SUB-

SONIC AND SUPERSONIC SPEEDS

By Benton E. Wetzel snd Frank A. Pfyl
SUMMARY

The regults of an experimental Iinvestigation of the effect of
leading-edge chord extenslons on the aerodynamic characteristics of =
wing-body-tail combination employing a 3-percent-thick triangular wing
of aspect ratic 3 in conjunction with an unswept, all-movable, horizontal
tail located below the wing-chord plane are presented. Lift, drag,
pitching moment, and hinge moment were measured at Mach numbers varying
from 0.6 to 0.9 and from 1.2 to 1.9, st & Reynolds number of 3.8 million.
The angle of attack was varied from -4° to +17° at constant horizontal-
tall deflections varying from +4° to -24°, Data are also presented for
the model without the horizontal tail.

The wing-body-tail couwbination was tested with 13.35-percent-chord,
leading-edge chord extensions on the outer 50 percent of the wing semi-
gspan in an effort to improve the undesirsble static longitudinal stabillity
characteristics of the triangular wing at moderate-to-high 1ift coeffi-
clents at subsonic speeds. To lwprove, also, the subsonlic 1lift and drag
characteristics, the chord extensions were drooped 3°.

Comparisons of the results obtained for the wing-body-tail coubi-
nation having chord extensions with those for the combinatlon wlthout
chord extensions showed that the extensions improved the 1ift, drag,
and pitching-moment characteristics at moderate-to-high 1ift coefficients
at subsonic speeds and had smell effect on those characteristics at
gsupersonic speeds. Static longitudinal instability, which occurred in
a range of moderate 1ift coefficients at Mach numbers of 0.6 and 0.8 for
the model without chord extensions, was either elimineted (M = 0.8) or
delayed to higher 1lift coefficients (M = 0.6). Improved variations of
1lift with engle of attack at the aforementioned Mach numbers and



2 e NACA RM A53J1ka

inecreased maximum lift-drag ratios at Mech numbers from 0.6 to 1.3 were
realjzed from the addition of chord extensions. Essentially no changes
in the hinge-moment characteristics were brought about at either subsonic
or supersonic speeds by the addition of chord extensions.

INTRODUCTION

Ag part of a program devoted to the investigation of components of
interceptor-type supersonic alrcraft, a wing-body-tail combination
employlng a 3-percent-thick triangulsr wing of sasspect ratic 3 and an
all-movable horizontal tail was tested in the Ames 6- by 6-foot
supersonic wind tunnel. The wing wag mounted high on the body, and the
tall was below the wing-chord plane. Previous tests of the wing-body
combination (ref. 1) showed losses in stability at moderate-to-high 1ift
coefficients at subsonic speeda. Tests of models simlilar to the present
one (ref. 2) have indicated that such variations in stability might be
avoided or minimized by locating the horizontal tail in certain positions
below the extended chord plane of the wing; however, when the tall was
added to the present model, the instability still persisted, and the
presence of the tail had little influence upon stability variations.
Therefore, the possibility of improving the stability by modifying the
wing so as to reduce the center-of-pressure movement was investigated.

This center-of-pressure movement has been ghown by previous tests
of thin triangular wings to result from flow separation at the wing tips.
This flow separation is believed to be accompanied by aeparation vortices
(ref. 3) generated on the upper surface of the wing, which could have
an adverse effect on the stability. Research on sweptback wings (e.g.,
ref. 4) has shown that improvement of the characteristics of such wings
can be obtained through the use of leading-edge chord extensions, which
gerve either to eliminate or to reduce separation or vortex-type flow
over the tip sections. An effort was masde to improve the longitudinal
stability characteristics of the present model through the addition of
such devices. The chord extensions were drooped a small amount in order
to obtain improved subsonlic drag characteristics, such as were reported
in reference k.

The present paper 1s devoted primerily to the comparison of the 1lift,
drsg, snd pltching-moment characteristics of the wing~body-tall combl-
nation with end without the leading-edge chord extensions and to the
presentation of the control-surface characteristics of the comblnation
with chord extensions.
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SYMBOLS
b wing span, in.
Cp drag coefficlent, _;_irq%g_
Cy hinge-moment coefficient, Binge mc->ment, measured sbout an axis
a5C¢
at 30 percent of the chord of the horizontal tail

cr, 1ift coefficient, :Lft

as
Cm pitching~moment coefficient, Pltching moment i ererred to a

@S¢
horizontel exis through the point on the body axis corre-
sponding to 35-percent mean aerodynamic chord of the wing

c local wing chord of the wing without chord extensions, in.
cg locel chord of the horizontal tail, in.
fb/2 czdy
é mean aerodynamic chord of the wing, & ——— ., in.
: b/2
/% e ay
Sy mean aerodynemic chord of horizontal tall, in.
( -L-> meximum 1ift-drag ratio
D /max
M free-gtream Mach number
a free-stream dynamic pressure, 1b/sq_ in.
R Reynolds number based on the mean aerodynemic chord of the wing
s wing ares, formed by extending the leading and trailing edges
to the plane of symmetry, sq in.
(The additional area provided by the leading-edge chord
extensions has not been included.)
S¢ area of horizontal tail, formed by extending the leading and

trailing edges to the plane of symmetry, sq in.

N
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¥ spanwise distance from plane of symmetry, in. ' <
a angle of attack of body axis, deg -
3 angle of horizontal-tall deflection, positive for trailing edge

down, deg '
Bp nominal (no load) horizontal-tail deflection, deg

APPARATUS AND MODEL

The experimental investigation was conducted in the Ames 6« by
6-foot supersonic wind tunnel, which is a closed-section, variable-
pressure-type tumnel with a Mach number range from 0.6 to 0.9 and from 1.2
to 1.9. A complete description of this facillity has been published in .
reference 5. In this wind tunnel, models are sting-mounted, and over-all
forces are measured with an internal electrical straln-gege balance.
The model was elso equipped with an electricel stralin gage which measured “
the hinge momente on the horizontal tail.

The model consisted of a triangular wing, en sll-movable horizontel
tall, two vertical fins, and a body. The wing was mounted in a high
position on the body, had an aspect ratic of 3, and was composed of NACA
0003-63 airfoil sections in streamwise planea. During a portion of the
investigation, the wing was eguipped with 13.35~percent-chord, leading-
edge chord extenslons over the cuter 50-percent semispan of the wing,
as shown in figure 1. The extensions hed the same ordinates as the
corresponding wing airfoil sectlons, with smocoth falrings providing the
transitions between the extensions and the wing. The chord exteneions
were drooped 3° with respect to the chord line.

The horizontal tell, which was mounted in a midposition on the body,
was pivoted at the 30-percent-chord point and had a taper ratic of 0.4
and an aspect ratio of 5. The airfoil section in a streamwise plane was
biconvex, with & meximum thickness-chord ratio of 3 percent at 30-percent
chord. The tail was supporied at the tips by the two verilcal fins
rigidly sttached to the wing at the 50-pércent-semlspan station. These
fins were of agpect ratio 2.08 and had a 3-percent-thick biconvex section
in a streamwise plane. The wing end tall surfaces were of sgollid steel
construction. SRR S : - - :

The body was the same as that described in reference 1 for use in
conjunction with the wings positioned off the body axis. It had a -
fineness ratio of 9.86. A photograph of the complete model is shown in
fTigure 2.
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TEST AND PROCEDURE

Range of Test Variables

Lift, drag, pitching-moment, and hinge-moment characteristies of
the model were investigated for a range of Mach numbers varying from
0.6 to 0.9 and from 1.2 to 1.9 at nominal angles of attack varying from
-4 to a maximum of +17°. The model with horizontal tail installed was
tested at horizontal-tail deflections varying from +4° to -249, generally
in 4° increments. The data were obtained at s Reynolds number of 3.8
million, baged on the wing mean serodynamic chord.

Reduction of Data

The test data have been reduced to standard NACA coefficlient form.
The pltching momenits were caslculated about & horizontel exis through the
point on the body axis corresponding to 35 percent of the mean aerodyndmic
chord. Factors which affect the accuracy of these dats are discussed in
the following paragraphs.

Tunnél-wall interference.- Corrections to the subsonic results for
the induced effects of the wind~tunnel walls resulting from 1ift on the
model were made according to the methods of reference 6. The numerical
values of these corrections, which were added to the uncorrected data,
are:

Aa = 0.5517 Cp,
ACp = 0.0096 C{Z

The correction te the pitching-moment coefficient was negliglble.

Constriction of the flow at subeonic speeds was taken into account
in the manner outlined in reference 7. At & Mach number of 0.9, the
correction amounted to a 2-percent increase in the Mach number over that
determined from a calibration of the wind tunnel without a model in
place.

For the tests at supersonic speeds, the reflection from the tunnel
wall of the Mach wave origlnating at the nose of the body crossed the
horizontal tail only at a Mach number of 1.2. It is believed that the
resulting interference effects were smell, and no corrections were made
for tunnel-wall effects.

Stream variations.- Tests at subsonic speeds in the 6- by 6-foot
supersonlc wind tunnel have indicated a small stream curvature and an

AQIESEN-
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inclination in the pitch plane of the model. No correction for this
stream curvature has been made. A survey of the airstream at supersonic
speeds, reported 1n reference 5, has shown curvature and inclination
only in the yaw plaine of the model. The effects of thie curvature on
the measured merodynamic characteristics of the model are not known but
are believed to be small, as they were shown to be 1n the case of
reference 8.

Surveys at both subsonic and supersonic speeds indicated that there
1s a static-pressure variation of sufficlent magnitude In the wind-tunnel
teat section to affect the drag measurements. Corrections were added to
the measured drag coefficlents, therefore, to account for the longitudinal
force resulting from the static-pressure variastion. The maximum cor-
rections were +0.0007 at a Mach number of 0.9 and -0.0008 at a Mach
number of 1.3.

Support interference.- At subsonic speeds, the effects of support
interference on the aerodynamic charscteristics of the model are not
known. It is belleved that such effects conslst primerily of a change
in the pressure at the base of the model. 1In an effort to correct at
least partially for thils support interference, the base pressure was
measured end the drag data adjusted to correspond to a base pressure
equal to the static pressure of the free stream.

At supersonic speeds, the interference of the sting on a body of a
body=-sting combination similar to that of the present model 1s shown by
reference 9 to be confined to a change in base pressure. The above-
mentlioned adjuatment of the drag for pressure at the base of the model,
therefore, was applied also to the data obtalned at supersonic speeds.

Precision

The uncertainties involved in determining dynamic pressure and in
measuring forces with the straln-gage balance are described fully in
reference 10. The following table lists the maximum uncertainty
introduced into each corrected coefficient by the kmown uncertainties
in the measurements:

Quantity _ Uncertainty
Lift coefficient ' +0.002
Drag coefficient : +0.0010
Pitching-moment coefficient : +0.002
Hinge-moment coefficient o T 10,005
Mach number : LT +0.01
Reynolds pumber ' £0.03 X 10°
Angle of sttack : 0,100
Horizontal-tail deflection : - £0,25°
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RESULTS

The experimental resulis obtained during the investlgation are
presented In tables I and IT for the complete range of teast variables.
The results for the wing-body and the wing-body-tail combinations with-
out leading-edge chord extensions are presented in table I, those for
the combinations with chord extenslions in table IT. For the purpose of
analysis, a portion’'of these data is presented in graphical form.

The effect of the chord extensions on the variation of pitching-
moment coefficient wlth 1ift coefficient for the model with the
horizontel teil removed (but with the vertical fins sttached to the
wing) is shown in figure 3 for several subsonic and supersonic Mach
numbers. The effect of ‘the chord extensions on the pitching-moment,
lift, and drag characteristics of the wing-body-teil cambination for a
nominal horizontal-tail deflection of zero is shown in figure b for the
same Mach mumbers.

In order to permlt a more detailed evaluation of the effect of the
chord extensions on the drag characteristics, the veriation with Mach
number of the drag coefficlent at various 1lift coefficients and the
variation with Mach number of the maximum l1ift-drag ratio are presented
in figures 5 and 6, respectively.

The variation of the pitching-moment coefficlent with horizontal-
tal1l deflection is shown in figure 7. The variations of hinge-moment
coefficient with horizontal-tail deflectlon and with angle of attack are
presented in figures 8 and 9 for the model with chord extensions. A
study of the data for the combinations with and without chord extensions
showed essentlially no difference in the control-effectiveness and hinge-
moment characteristlics as a result of adding the chord éxtensions.
Therefore, only the results for the wing-body-tail combination with
chord extensions are presented graphically. The data presented in
these figures have been limited to Mach numbers of 0.6, 0.9, 1.3, and 1.9,
since these were considered sufficient to show the variations through
the Mach number range. Horizontal-taill deflections noted in figure 8
are nominal settings of the tall surfaces. The actual deflectlon angles,
which changed slightly under aerodynamic lcad, can be obtained from
table IT. ' ' '

DISCUSSION

In the section to follow, two festures of the date will be
discussed. First, the effects of the chord extensione on the basic
gerodynamic characteristics of the wing~body and the wing-body-teil

\
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combinations will be considered. A brief discussion of the control-
surface characteristice will follow.

Besgic Characteristice

Pitching moment.- As was noted previously, some loss in stability
was shown to exist for the wing~body combination at moderate-to-high
1ift coefficients at subsonlc speeds during a previocus investigation
(ref. 1). With the center of gravity st 35-percent mean aerodynamic
chord, the loss in stability was of such maegnitude a&s to result in an
unstable variation of pitching-moment coefficient at Mach numbers of 0.6
and 0.8 for the model with the horizontal tail removed. (See fig. 3.)
With the horizontal tail added to the wing-body combination (fig. 4(a)),
the unstable variation at these subsonic speeds still existed. That the
longitudinal instebility of the wing-body combination was due largely
to the instabllity of the wing-body combinaetion can be determined from
a comparison of figures 3 and 4(a). As indicated in figure 3, addition
of the chord extensions improved the pitching-moment characteristics of
the wing-body combination, the instability being either eliminated -
(M = 0.8) or delasyed to a higher 1ift coefficient (M = 0.6). A similar
improvement occurred for the wing-body-tail combination (fig. 4(a)).

It should be noted that addition of the chord extensions had little
effect on the taill contribution to the stabllity. At supersonic speeds,
the chord extensions had only small effect on the pitching-moment
characteristlcs.

Lift.- The results for the wing~body-tail combination without chord
extensions (fig. 4(b)) showed a range of angle of attack near 8° at
Mach numbers of 0.6 and 0.8 in which the lift-curve slope was considerably
less than at other angles of attack. This decrease in lifi=curve slope
appeared Initially at about the same 1ift coefficlent as the onset of
pitching-moment Instability. With chord extenslons installed, the 1lift
was maintained up to angles of asttack of the order of 16°. The improve-
ment 1n the 1lift characteristics is believed to be due primsrily to
the ability of the chord extensions to improve the flow over the wing
tips. At supersonlc speeds, the chord extensions had little effect on
the 1ift characteristics. The slight increase in 1ift-curve slope shown
in figure 4(b) may have been due to the increased area provided by the
chord extensions.

Drag.- The drag results, presented in figures 4(c) and 5, indicate
that the addition of the chord extensions increased slightly the minimum
drag coefficient throughout the speed range investigated, although this
increase was of the same order of magnitude @s the maximum uncertainty
of measurement. On the other hand, at 1ift coefficlents greater than
0.2, the chord extensions reduced slgnificantly the drag coeffilclents at
subsonic speeds and at a Mach number of 1.3. The reduction in drag at

o
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these 1ift coefficients is believed to be due, primarily, to the small
asmount of camber which resulted from the drooping of the chord extensions.
Drooping the leading edge tends to maintain high 1ifting pressures on
that portion of the wing and to provide a component of force Iin the
thrust direction. At Mach numbers greater than 1.5, the beneficial
effect of the chord extensions on the drag no longer existed. At the
higher 1ift coefficients, the apparent benefit of the chord extensions
shown at these Msch numbers can be attributed to the increased area
provided by the chord extensious.

The effect of the chord extensions on the maximum lift-drag ratio
is shown in figure 6. At & Mach number of 0.6 a large inecrease in
(L/D)max was realized, the improvement decreasing with increasing Mach

number. In the supersonic.speed range &t Mach numbers of 1.5 and above,
decreased lift-drag ratios were incurred with the chord extensions
installed.

Control~-Surface Characteristics

The following sectlon is devoted to a discussion of the control-
surface characteristics of the tall when used in conjunction with the
wing~body combination with chord extensions. As pointed ocut in Results,
a study of the data for the models with and without chord extensions
showed essentially no difference in the control-effectiveness and
hinge-moment characteristica. Thus, statements made in the following
discussion elso apply to the charscteristics of the tail when used with
the wing-body combination without chord extensions.

Control effectiveness.~ Increasing control effectiveness with
increagsing Mach number was indicated for the subsonic speed range, as
shown in figure 7. The variation of pitching-moment coefficient with
horizontal-~tall deflection was linear throughout only a moderate range
of deflection angles in this speed range. However, for an airplane with
ite center of gravity at 35 percent of the mean serodynemic chord, this
moderate range is sufficient to provide static longitudlinsel bslance
throughout the range of 1ift coefficients investigated. A large decrease
in the effectiveness of the horizontal tall occurred as the Mach number
was increased from subsonic to supersonic speed. AL supersonic speeds,
the variation of pltching moment with angle of deflection was linear up
to falrliy lerge negative angles, the control effectiveness decreasing
with increasing Mach number. '

Hinge-moment coefficlent.- As noted above, static longitudinal
balance could be obtained at subsonic speeds with smell deflection of
the control surfaces. As shown in figures 8 and 9, the variations of
hinge-moment coefficient with angle of attack and with tail deflection
were small throughout the range of deflection sngles required for balance.

« COMMBENSLIIN
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As a result, the control forces required to deflect the horizontal-tail
surfaces at subsonic apeeds would be expected to be small. If, however,
the center-of-gravity position were moved forward so that larger
deflectlion angles were necessary for balsnce, larger variation of the
hinge-moment coefficient with deflection angle would be encountered and
larger control forces would be required. '

At supersonic speeds, the magnitude of the variations of hinge-
moment coefficient with angle of attack and with tall deflection
increaged greatly. As a result, large control forces would be expected
to be reguired in this speed range. For example, if one considered the
present wing-body-tail combination to be a 1/12-scale model of an air-
plane with & wing loading of 45 pounds per square foot, the control
moment at a Mach number of 1.5 would be of the order of 30 times that
at a Mach number of 0.6 for level flight at sn altitude of 30,000 feet.

CONCLUSIONS

Experimentel wind-tunnel results for a wing-body-tail combination
employing & 3-percent=-thick triangular wing of aspect ratio 3 in
conjunction with an unswept, all-movable horizontal tail show that the
aerodynemic characteristics were Iimproved &t moderate-to-high 1lift
coefficients at subsonic speeds and only slightly changed at supersonic
speeds, due to the addition of leading-edge chord extensiocns to the
wing. The results of the wind-tunnel investigation ere given below.

Pitching moment.- High-1lift instebility which occurred at subsonic
speeds at Mach numbers of 0.6 and 0.8 was either eliminated (M = 0.8) or
delayed to higher 1ift coefficients (M = 0.6) ‘through the addition of
chord extensions. Only & small effect at supersonic Mach numbers
resulted from the addition of chord extensions.

Lift.~ The addition of chord extensions eliminated undesirasble 11ift
characteristics at subsonic speeds and had little effect on the lift at
supergonic speeds. Whereas the variation of 1ift coefficlient with angle
of attack for the wing-body-tall combination without chord extensions
decreased rapidly at an angle of attack of about 8° at Mach numbers of
0.6 and 0.8, the variation for the combination with chord extensions
had no inflection and 1ift was maintained up to angles of about 16°.

Drag.=- The minimum drag was increased slightly throughout the Mach
number range with the addition of chord extensions. At subsonic speeds,
the drag due to 1ift was reduced, and the maximum lift-drag ratios were,
in consequence, increased. The greatest increase in (L/D)max was
obtained-at M = 0.6, the improvement decreasing with Mach number. At
supersonic Mach numbers of 1.5 and greater, no improvement in drag due
to 1lift was realigzed through the addition of chord extensions. Maximum

SRR
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lift-drag ratios obtained in this Mach mumber range were, as a result,
decreased slightly.

Control. effectiveness.- The control effectlveness of the horizontal
tail was essentially unchanged by the addition of chord extensions. At
gubsonic speeds the effectiveness increased wilth increasing Mech nmumber.
A large decrease in effectiveness occurred as the Mach number weas
Increased from subsonic to supersonic speed. AL supersonic speeds the
effectiveness decreased with increasing Mach number.

Hinge moment.- Essentlally no changes in the hinge-moment
characteristics of the horizontal tail occcurred due to the sddition of
chord extensions. The variation of the hinge-moment coefficient with
angle of attack and with horizontal-tail deflection was such that the
control forces required to deflect the horizontal tail would be much
larger at supersonic speeds then at subsonic speeds.

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautlcs
Moffett Field, Calif., Oct, 1k, 1953
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(8) Characteristics for wing-body combination with horizontal tail
removed (vertical fins not removed)

TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL; R=3.8 x 1P
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3.8 x 10® - continued _
(¢) Characteristics for wing-body-tail combination; 5y = +2°

(d) Characteristics for wing-body-tail combination; &, = 0°
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WING OF ASPECT RATIC 3 AND AN ALL-MOVABLE HORIZONTAL TAIL;
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
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(e) Characteristics for wing-body-tail combination; B, = -2°

3.8 x 10® - Continued

WING OF ASPECT RATIO 3 AND AN ALT.-MOVABLE HORIZONTAI. TAIL;

R

TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
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(£) Characteristics for wing-body-tall combinastion; &, = =h°
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3.8 x 10° - Continued : :
(g) Characteristics for wing-body-tail combination

WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL;
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
WING OF ASPECT RATIC 3 AND AN ALL-MOVABLE HORIZONTAI. TATT.;
R=3.8 x 10® - Continued
(1) Characteristics for wing-body-tail combination; &p = -16°
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(3) Characteristics for wing-body-tail combination; Sp = —20°
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(k) Characteristics for wing-body-tail combination; Bp = -24°

3.8 x 10 - Concluded

WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL;

R

TABLE I.~ AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
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TABLE II.- AERODYNAMTC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
WING OF ASPECT RATIC 3 WITH LEADING-FDGE CEORD EXTENSIONS AND AN ATT.-
MOVABLE HORIZONTAL TATL. ~ Continued

(b) Characteristics for wing-body-~tail combinetion; 8 = +4°
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(d) Chsracteristics for wing-body-tail combination; 8, = -2°

WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL~
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(e) Characteristics for wing-body-tail combination; 8, = -4°
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRTANGULAR
CHORD EXTENSIONS AND AN ALL=-

WING OF ASPECT RATIO 3 WITH LEADING-EDGE
MOVABLE HORTIZONTAL TAIL, - Continued
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(h) Characteristics for wing-body-tail combination; 5, = -16°

Q
(@}
§
IN-
o
/e )
3 g mmmmwmw e 6 wﬁmmmmmmmwmwmmF
7 0 | ST TN e
3 g | e e
2 Y T B 5 -
52 3 g 2 - A
ki k . EERERE 44441042400 S4LL 000G DOODG
B20%Y BUURS9RENY useoudonesd qgany o | 99999 B3dendaded dmiiiiann B
o ) .mm .N
9T o Mg ey § [0 T G 0
O OO N T § [l g IR s
It HOGE GUARE R Y e e T
¥ o - B =]
LAk Ehablics btk i M- S P s L EEEL R P T
BE RGNS P ([ ey v
8 8 ) & O | & § ® ]
5] " - o [ © - -t A
SRS GOINLNINE IR B || 539339u3399990 9399959999999 39999
1 LI} LI I I L} e [ LRI oy i
BERReeENeTURs gevsugesewedy meengy G, (0| SiRuRnVRERANEY RRAAGERANAN 33Ma
o (-3 1 o
S T O P b S T T
E
I
]
e
[
“

WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL-

MOVABLE HORIZONTAIL TAIL - Continued
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3 WITH LEADING-EDGE CHCRD EXTENSIONS AND AN ALL-

MOVABLE HORIZONTAL TATL - Concluded

(3) Cheracteristics for wing-body-teil combination; 8p = -24°
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Figure 1.- Dimensional sketch of the model.
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Figure 2.= Three-quarter front view of wing-body-tall cambination with
leading-edge chord extenalons.
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with Mach oumbor for the wing~body~tall combination, &=0.
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Figure 6 — Effect of leading-edge chord exlensions on the variafion of fhe maximum
lift-drag ratio with Mach number for the wing-body—tail combination, &, = 0.
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Figure 7.~ Variation of the pitching-moment coefficient with horirontal~tall defléction
for the wing-body-tail combination with /eading-edge chord extensions.

- BTLEGY WY VOVN

£



08
Sy, dog 8, ,deg
o 0
-4 — 4
o4 -8 —-g
] - ]
M=06 M=09
=0
2
~-.l | 8,,deg &,, deg
L T 0 - a
B //Q‘ — =16 g\ h"“>/>//// 1 24
N — ~£4 ., .
04 D LA LA,
-~ - - '
L\ﬁ . " // - > / ‘\ \\.__
.'"--., R \-n._.
0 k‘-\.‘f E. — \4‘ .
'\ ﬁ‘ﬂ S -
~04 ™~ T
] o
o8 M=l.3 M9 R
-4 0 4 8 2 /6 20 -4 0 4 a8 2 /6 20
a,deg a,deg

Figure 8- Variation of the horizontal~tail hinge—-moment caoefficient with angle of altack
for the wing-body-tail combination with leading-edge chord extensions.
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Figure 9,- Variations of the horizonta/-tail hinge-moment coefficient with angle of deflection

for the wing-body—1tail combination with leading-edge chord extensions.
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